[bilateral voluntary contractions]{.smallcaps} of arm muscles involve activity-dependent adaptations in both primary motor cortices (M1s; [@B1]; [@B11]; [@B12]; [@B19]). In humans, previous electrophysiological studies using transcranial magnetic stimulation have demonstrated that a voluntary contraction with an arm muscle changes corticospinal output measured in the contralateral voluntarily active arm ([@B40]; [@B56]; [@B57]; [@B62]). It has been proposed that these changes take place, at least in part, at the cortical level ([@B18]; [@B23]; [@B56]; [@B62]).

It is possible to obtain information about the synaptic drive to spinal motoneurons during a voluntary contraction by coherence analysis ([@B3]; [@B60], [@B59]). Coherence measures the strength of correlations between two signals in the frequency domain ([@B50]). Corticomuscular coherence between EEG and electromyography (EMG) around 15--30 Hz (the "β-band") is likely to be mediated, at least in part, by synchronous oscillatory discharge in fast corticospinal axons, propagated to spinal motoneurons via their monosynaptic connections ([@B7], [@B8]; [@B14]; [@B29]). However, a growing body of evidence suggests that afferent feedback pathways also contribute to this phenomenon ([@B5]; [@B47]; [@B58]; [@B60], [@B59]).

During unimanual tasks, corticomuscular coherence in the 15- to 30-Hz frequency band is modulated in a task-dependent manner ([@B6]; [@B21]; [@B51]). Coherence might reflect functional aspects of the task, such as compliance ([@B28]), displacement ([@B46]), attention ([@B32]), or the level of force ([@B9]; [@B37]; [@B42]; [@B61]). During bimanual tasks, comparatively little is known about the modulation of corticomuscular coherence. In monkeys, ∼25-Hz oscillatory activity is present in M1 on both sides, and these oscillations are strongly synchronized during bimanual manipulations ([@B39]). In humans, corticomuscular coherence measured in one hand is modulated by the state ([@B30]) and direction ([@B24]) of the movement of the contralateral hand, suggesting a degree of dependency between cortical oscillators. Therefore, we hypothesized that corticomuscular coherence during a voluntary contraction in one hand will be influenced by the level of voluntary contraction exerted by the contralateral arm. Based on previous studies ([@B24]; [@B30]; [@B39]), we predicted that corticomuscular coherence in a hand performing a steady voluntary contraction will increase to a larger extent during increasing levels of contralateral force.

METHODS
=======

### Subjects.

Ten healthy volunteers (8 female, age 26.6 ± 5.1 yr, mean ± SD; 8 right-handed) participated in the study. All subjects gave their informed written consent to the experimental procedure, which was approved by the Ethical Committee of the Medical Faculty, Newcastle University. Subjects were preselected out of a total of 20 subject that were screened to ensure that they showed significant corticomuscular coherence with the 1st dorsal interosseous (1DI) muscle during an auxotonic contraction; this allowed us to measure changes in coherence magnitude during our different experimental conditions.

### Motor task.

Subjects were seated comfortably in an armchair. In all experiments, the nondominant hand performed a precision grip by squeezing a short length of plastic tubing (8-mm inside diameter, 11-mm outside diameter; PVC, order code 800/010/455/800; Portex) between finger and thumb with the arm flexed at the elbow by 90°. Subjects were instructed to perform the same movement with the precision grip hand regardless of what the opposite hand was doing. No visual feedback was presented for the hand performing the precision grip task. The precision grip was performed while the dominant arm remained at rest or performed a finger abduction or an elbow flexion task. In the finger abduction task, the dominant hand was placed in the posture illustrated in [Fig. 1*A*](#F1){ref-type="fig"}. The arm was flexed at the elbow by 90° with the forearm pronated and the shoulder at 0° of abduction. The index finger was attached to a strain gauge, which measured force in the abduction-adduction direction. In different blocks of trials, subjects were required to exert forces of 10, 40, or 70% of the maximal voluntary contraction (MVC), determined during two to three brief (3--5 s) contractions performed at the start of the testing session (30-s rest between contractions). During these maximal contractions, subjects were verbally encouraged throughout the contractions to perform maximally, and visual feedback was provided ([@B22]). Subjects were asked to move the black cursor, corresponding to force exerted, into the gray target by using the dominant arm ([Fig. 1*C*](#F1){ref-type="fig"}). Contraction onset was signaled by the appearance of the black cursor; subjects were instructed to perform the precision grip simultaneously with the production of the force under visual feedback by this cue. Three seconds later, the cursor disappeared, cuing the end of the contraction. There was a 2-s delay before the start of the next trial. For brevity, we refer to these task conditions as Finger10, Finger40, and Finger70.

![Experimental setup. *A* and *B*: schematic of the experimental setup showing the posture of both hands and 1 arm during testing. Note that the nondominant hand always performed a precision grip while the dominant arm performed a finger abduction (*A*) or elbow flexion (*B*) task. *C*: diagram showing the visual display presented to all subjects for the dominant arm. Subjects were instructed by the monitor to perform 10, 40, and 70% of the maximal voluntary index finger abduction or elbow flexion by activating the 1st dorsal interosseous (1DI) and biceps brachii muscles, respectively. The condition in which the dominant arm remained at rest was used as baseline. The black square is the cursor that subjects were instructed to move by performing isometric voluntary contractions with either the 1DI or biceps brachii. The gray square was the target to which the black cursor had to be moved; its position corresponded to the different maximal voluntary contraction (MVC) levels.](z9k0071212880001){#F1}

In the elbow flexion task, the dominant arm was held in the posture illustrated in [Fig. 1*B*](#F1){ref-type="fig"}, with shoulder flexed by 90°, the elbow flexed at 90°, and the forearm supinated. The wrist was attached to the device by straps; a strain gauge measured force in the elbow flexion-extension direction. Task performance proceeded as for the finger abduction task, with subjects exerting elbow flexion forces at 10, 40, or 70% of MVC controlled by the visual display. Subjects completed 75 repetitions of the finger abduction and elbow flexion tasks at each contraction strength; the order of performance of each block was randomized. Additional verbal feedback was provided to the subjects to ensure that they reached the target with the dominant hand without making corrections. We refer to these task conditions as Elbow10, Elbow40, and Elbow70.

We assessed whether the consistency of motor performance of the precision grip hand was affected when the contralateral arm was being used. For each subject, the mean level of rectified 1DI EMG activity (in the precision grip hand) was calculated separately for each of the 75 repetitions on each task condition (across the same epoch that was used for the coherence analysis). After that, the variance from all trials for each bilateral condition (10, 40, and 70% of MVC) was compared with the variance during the unimanual condition (0% of MVC) across all subjects.

### Recordings.

EMG was recorded bilaterally from the 1DI and biceps brachii muscles using adhesive surface electrodes (2-cm interelectrode distance; Biotrace 0713C; MSB, Marlbrough, United Kingdom). For measurements of corticomuscular coherence, EEG activity was recorded from sensorimotor cortex bilaterally, using pairs of adhesive electrodes (AMBU Neuroline 720, Wet Gel Snap Electrode) positioned 3 cm lateral and 2 cm anterior or posterior to the vertex. EEG from each side was derived from a differential recording between the electrode pair on that side; the anterior electrode was connected to the noninverting input of the amplifier. This is the same montage as used in our previous publications on corticomuscular coherence. Signals were amplified (EMG: gain, 500--2,000, band pass, 30 Hz to 2 kHz; EEG: gain, 50,000, band pass, 3 Hz to 2 kHz) and sampled to disk at 5 kHz together with force signals and task markers \[Spike2 software; Cambridge Electronic Design (CED)\].

### Corticomuscular coherence.

The procedures for calculation of corticomuscular coherence between EEG and EMG signals have been described in detail in previous publications ([@B7]; [@B55]). As corticomuscular coherence is known to be present during steady contractions, we confined the analysis to the last 1.6 s of the hold phase of the task (see shaded area in [Fig. 2*A*](#F2){ref-type="fig"}).

![Electromyography (EMG) recordings during the finger abduction task. In a single representative subject, mean rectified EMG activity in the nondominant hand performing a precision grip (*A*) while the contralateral hand remained at rest (black line) or performed a finger abduction task (*B*) consisting of 10% (red line), 40% (blue line), and 70% (green line) of MVC is shown. The gray bars mark the region over which coherence analysis was performed. Shading indicates ±1 SE around the mean. *C* and *D*: group data (*n* = 10) showing mean rectified EMG activity (%MVC) in the hand performing the precision grip (*C*) and the finger abduction task (*D*). The abscissa shows the force level produced in finger abduction, and the ordinate shows the mean rectified EMG activity during the period used for measurement of corticomuscular coherence. Error bars indicate SE; \**P* \< 0.05.](z9k0071212880002){#F2}

Denoting the fast Fourier transform (FFT) of the *i*th segment of EEG by *X~i~*(*f*) and of the *i*th segment of rectified EMG data by *Y~i~*(*f*), the coherence (Coh) at frequency (*f*) was estimated as: $$\text{Coh}\left( f \right) = \frac{\left| {\sum\limits_{i = 1}^{L}{X_{i}^{\ast}\left( f \right)Y_{i}\left( f \right)}} \right|^{2}}{\sum\limits_{i = 1}^{L}{X_{i}\left( f \right)X_{i}^{\ast}\left( f \right){\sum\limits_{i = 1}^{L}{Y_{i}\left( f \right)Y_{i}^{\ast}\left( f \right)}}}}$$ where *L* is the number of data sections available for analysis, and \* denotes complex conjugate. The use of 2 4,096-data-point segments per trial (corresponding to a time period of 1.64 s extending back from the end of trial) with a sampling rate of 5 kHz provided a 0.92-Hz frequency resolution in the coherence spectra. The significance level for the coherence was calculated as ([@B50]): $$Z = 1 - \alpha^{1/{({L - 1})}}$$ where coherence larger than *Z* was considered significant at *P* \< α (here, α = 0.05).

Repeated-measures ANOVA was used to determine the effect of activation level (0, 10, 40, and 70%) with 1DI and biceps brachii on mean 15- to 30-Hz corticomuscular coherence, mean rectified EMG activity, and mean normalized 15- to 30-Hz EMG and EEG power. EEG power was normalized to the total power (summed over all frequencies) obtained in the baseline condition. This allowed an estimate of the proportion of power contributed by a given frequency band; fixing the reference as the baseline condition made changes in power easier to interpret. EMG power was normalized relative to the power at the first frequency bin (*F* = 0 Hz), which corresponds to the direct current level in the EMG. The mean level of EMG has previously been shown to relate to force output ([@B33]; [@B36]), particularly at low to moderate contractions. A two-way ANOVA was used to examine the effect of task (finger abduction vs. elbow flexion) and activation level on mean corticomuscular coherence, mean rectified EMG activity, and mean normalized EMG and EEG power. An additional two-way ANOVA was used to examine the effect of task (precision grip vs. finger abduction) and activation level (10, 40, and 70%) on mean rectified EMG activity. Bonferroni post hoc test was performed on significant comparisons. Significance was set at *P* \< 0.05. Group data are presented as means ± SD. Pearson correlation analysis was used to test correlations as needed.

RESULTS
=======

### Finger abduction task.

[Figure 2*A*](#F2){ref-type="fig"} illustrates data from a single representative subject during unilateral and bilateral voluntary contractions of the 1DI muscle. In this subject, the mean rectified EMG activity in the hand performing the precision grip was maintained constant ([Fig. 2*A*](#F2){ref-type="fig"}) while the contralateral hand performed Finger10, Finger40, or Finger70 ([Fig. 2*B*](#F2){ref-type="fig"}) activations. In all subjects, mean rectified EMG activity in the precision grip hand remained similar across conditions (*F* = 1.69, *P* = 0.19, *n* = 10; ∼10% of MVC; [Fig. 2*C*](#F2){ref-type="fig"}). The mean rectified EMG activity was increased in the hand performing the finger task (*F* = 36.9, *P* \< 0.001, *n* = 10; [Fig. 2*D*](#F2){ref-type="fig"}). Post hoc testing showed a significant increase in EMG activity during Finger40 (*P* \< 0.01) and Finger70 (*P* \< 0.001) compared with Finger10. A comparison between mean rectified EMG activity in both hands revealed no differences during Finger10 (*P* = 0.69) and an increase in EMG activity in the hand performing the finger abduction task compared with the hand performing the precision grip during Finger40 (*P* \< 0.01) and Finger70 (*P* \< 0.001). Variability in motor performance by the precision grip hand (see [methods]{.smallcaps} for details) remained similar across conditions (*F* = 1.47, *P* = 0.2, *n* = 10).

The population mean corticomuscular coherence in the hand performing the precision grip is shown in [Fig. 3*A*](#F3){ref-type="fig"} (mean across subjects in the 15- to 30-Hz range: 0.024 ± 0.01, range across subjects: 0.0097--0.043, see shaded area). We found an increase in mean 15- to 30-Hz coherence in the precision grip hand at increasing levels of finger abduction force performed by the contralateral hand (color code is similar to previous plots; *F* = 6.4, *P* \< 0.01, *n* = 10; [Fig. 3*B*](#F3){ref-type="fig"}). Post hoc testing showed a significant increase during Finger40 (by 72.6 ± 45.1%; *P* \< 0.01) and Finger70 (by 73.8 ± 78.1%; *P* \< 0.01) compared with baseline. Mean coherence remained unchanged during Finger10 compared with baseline (by 40.5 ± 48.1%; *P* = 0.2), and it was similar between the higher force levels (*P* = 0.9). In the same frequency band, normalized EEG power was decreased during Finger70 compared with Finger40 (*P* \< 0.01), Finger10 (*P* \< 0.01), and baseline (*P* \< 0.01; [Fig. 3*C*](#F3){ref-type="fig"}). Changes in normalized EMG power were only seen during Finger40 compared with the baseline (*P* = 0.02; [Fig. 3*D*](#F3){ref-type="fig"}).

![Corticomuscular coherence during the finger abduction task. Traces show the corticomuscular coherence averaged across 10 subjects in the nondominant hand performing a precision grip (*A*) and the dominant hand performing the finger abduction task (*E*) during rest (black line) and 10% (red line), 40% (blue line), and 70% (green line) of MVC. Averaged measures over the 15- to 30-Hz frequency band: *B* and *F*, mean coherence; *C* and *G*, normalized (Norm.) EEG power; *D* and *H*, EMG power. *Left* column indicates measures made relating to nondominant hand; *right* column indicates measures made relating to dominant hand. Error bars indicate SE; \**P* \< 0.05.](z9k0071212880003){#F3}

We also measured the population mean corticomuscular coherence in the 15- to 30-Hz frequency band in the hand that performed the finger abduction task (mean across subjects, 0.019 ± 0.007; range across subjects, 0.008--0.032; see shaded area in [Fig. 3*E*](#F3){ref-type="fig"}). Coherence was decreased during Finger70 (by 45.9 ± 26%; *P* \< 0.001) and Finger40 (by 24.4 ± 8.2%; *P* \< 0.001) compared with Finger10 ([Fig. 3*F*](#F3){ref-type="fig"}). No differences were found between the higher force levels (*P* = 0.3). In the same frequency band, mean normalized EEG power was decreased during Finger70 compared with Finger40 (*P* \< 0.01) and Finger10 (*P* \< 0.001; [Fig. 3*G*](#F3){ref-type="fig"}). Similarly, the normalized EMG power was decreased during Finger70 (*P* \< 0.001) and Finger40 (*P* \< 0.01) compared with Finger10 ([Fig. 3*H*](#F3){ref-type="fig"}).

When we compared the corticomuscular coherence in the 15- to 30-Hz band between the hand performing the precision grip and the hand performing the finger abduction task, we found an effect of side (*F* = 17.8, *P* \< 0.01), MVC level (*F* = 4.3, *P* = 0.02), and in their interaction (*F* = 11.1, *P* \< 0.001). Note that coherence values were similar on both sides during Finger10 (*P* = 0.7; see red bars in [Fig. 3](#F3){ref-type="fig"}, *B* and *F*). The level of coherence was decreased during Finger40 (*P* \< 0.001) and Finger70 (*P* \< 0.01) in the hand performing the finger abduction task compared with the hand performing the precision grip.

### Elbow flexion task.

To examine whether changes in the magnitude of corticomuscular coherence were specific to the voluntary contraction of the contralateral 1DI, we also asked our subjects to perform an Elbow flexion task. [Figure 4](#F4){ref-type="fig"}, *A* and *B*, illustrates data from a single representative subject. One subject was excluded from further analysis because of lack of constant EMG level in 1DI during different levels of activation of the contralateral biceps. In the remaining nine subjects, mean rectified 1DI EMG activity in the hand performing the precision grip was maintained constant across conditions (*F* = 2.0, *P* = 0.13, ∼10% of MVC; [Fig. 4*C*](#F4){ref-type="fig"}). In the arm performing the elbow flexion task, mean rectified biceps EMG activity was increased during Elbow40 (*P* = 0.01) and Elbow70 (*P* = 0.01) compared with Elbow10 ([Fig. 4*D*](#F4){ref-type="fig"}).

![EMG recordings during the elbow flexion task. Averaged EMG activity in a single representative subject in the nondominant hand performing the precision grip (*A*) while the contralateral arm remained at rest (black line) or performed the elbow flexion task (*B*) consisting of contractions at 10% (red line), 40% (blue line), and 70% (green line) of MVC with the biceps brachii. The gray bars show the region over which the coherence analysis was performed. Shading indicates ±1 SE around the mean. *C* and *D*: group data (*n* = 9) showing mean rectified EMG activity (%MVC) in the precision grip hand (*C*) and in the arm performing the elbow flexion task (*D*). Error bars indicate SE; \**P* \< 0.05.](z9k0071212880004){#F4}

[Figure 5*A*](#F5){ref-type="fig"} shows the population mean corticomuscular coherence in the 15- to 30-Hz band in the hand that performed the precision grip during contralateral elbow flexion (mean across subjects: 0.025 ± 0.01, range across subjects: 0.007--0.039). Mean coherence was increased with increasing levels of biceps activation (*F* = 4.1, *P* \< 0.01; [Fig. 5*B*](#F5){ref-type="fig"}). Post hoc testing showed a significant increase during Elbow40 (by 40.1 ± 52.4%; *P* \< 0.01) and Elbow70 (by 48.6 ± 66.4%; *P* \< 0.01) compared with baseline but not between Elbow10 (24.1 ± 42.8%) and baseline (*P* = 0.1). Mean normalized EEG power was decreased during Elbow70 compared with Elbow40 (*P* = 0.02), Elbow10 (*P* \< 0.01), and baseline (*P* \< 0.001; [Fig. 5*C*](#F5){ref-type="fig"}), whereas the normalized EMG power remained similar across all conditions (*F* = 1.3, *P* = 0.29; [Fig. 5*D*](#F5){ref-type="fig"}).

![Corticomuscular coherence in the hand performing a precision grip during the elbow flexion task. *A*: corticomuscular coherence averaged over 9 subjects measured in the nondominant 1DI during a precision grip task while the dominant arm remained at rest (black line) or performed 10% (red line), 40% (blue line), and 70% (green line) of MVC on the elbow flexion task. Shown are mean coherence (*B*), normalized EEG power (*C*), and EMG power (*D*) in the 15- to 30-Hz band. Error bars indicate SE; \**P* \< 0.05.](z9k0071212880005){#F5}

Finally, we compared the magnitude of corticomuscular coherence in the 15- to 30-Hz band in the hand performing the precision grip while the contralateral hand performed the finger abduction or elbow flexion task. We found an effect of activation level (*F* = 5.5, *P* \< 0.01) but not muscle (*F* = 1.1, *P* = 0.3) nor their interaction (*F* = 0.9, *P* = 0.4; [Fig. 6*A*](#F6){ref-type="fig"}). Corticomuscular coherence was significantly increased from the baseline condition during 40% (*P* \< 0.01) and 70% (*P* \< 0.001) but not during 10% of MVC (*P* \> 0.05) regardless of whether subjects activated the contralateral 1DI or biceps brachii. [Figure 6*B*](#F6){ref-type="fig"} shows the relation in single subjects between the changes in mean coherence relative to baseline for a contralateral biceps activation vs. a contralateral 1DI activation; the different symbols mark different levels of effort. There was a positive correlation (*r*^2^ = 0.21, *P* = 0.01) indicating that also at a single subject level similar changes occurred for a given strength of activation on either motor task.

![Comparison of corticomuscular coherence in the hand performing a precision grip during contralateral finger abduction and elbow flexion tasks. *A*: coherence averaged across 9 subjects in the 15- to 30-Hz band as a function of contraction strength (0, 10, 40, and 70% of MVC) and task type (finger abduction, black bars; elbow flexion, white bars). Error bars show SE, computed across subjects. \**P* \< 0.05. *B*: correlation between the change from baseline (contralateral limb resting) of coherence in nondominant 1DI during the finger abduction and elbow flexion tasks. Different symbols mark different contraction strengths. Line indicates best fit.](z9k0071212880006){#F6}

DISCUSSION
==========

The present study investigated whether a voluntary contraction controlled by one hemisphere can influence oscillatory processes and oscillatory corticomuscular coupling in the other. We showed that strong isometric activations (≥40% of MVC) increased corticomuscular coherence in the 15- to 30-Hz frequency range in the contralateral hand. This occurred regardless of whether a distal intrinsic hand muscle or a proximal elbow flexor was activated. By contrast, weaker effort (10% of MVC) did not affect contralateral oscillatory coupling.

### Effects of changing contraction strength on corticomuscular coherence measured from the muscle for which contraction varies.

Previous reports have described the changes in corticomuscular coherence when the muscle in which coherence is measured is voluntarily activated by different amounts. However, in common with most studies on corticomuscular coherence, the range of force levels has generally been limited to low levels of force and unilateral contractions ([@B13]; [@B29]; [@B61]). In our study, we used stronger forces and bilateral contractions that limit a direct comparison with these previous studies. [@B9] studied stronger forces and found that at MVC 15- to 30-Hz coherence was reduced, to be replaced by a new band of significant coherence ∼40 Hz (the Piper rhythm). This rhythm can also be seen at intermediate force levels around 60--80% of MVC ([@B9]). Interestingly, the present data showed a progressive reduction in the 15- to 30-Hz coherence with increasing force level; however, it was not replaced by a ∼40-Hz peak, even at the highest force tested of 70% of MVC ([Fig. 3*E*](#F3){ref-type="fig"}). This suggests that the reduction in 15- to 30-Hz and appearance of ∼40-Hz corticomuscular coherence with increasing activation strength are two distinct phenomena, which can under some conditions be separated. The fact that activation of the contralateral limb prevents ∼40-Hz coherence may provide a useful technique for studying the origin of this activity further.

We can only speculate as to why 15- to 30-Hz corticomuscular coherence might be reduced with increasing force levels; however, the concomitant reduction in both EEG and EMG power at these frequencies suggests that there is a decreased reliance on oscillatory drive to muscle during stronger contractions. It has previously been shown that the firing rate of motor cortical cells (including identified corticomotoneuronal cells) saturates at higher forces ([@B20]; [@B34]) as does the BOLD signal localized to M1 ([@B17], [@B16]). It is likely that whereas the corticospinal tract (and its monosynaptic corticomotoneuronal connections) contributes a substantial part of the input required to recruit motoneurons during the fine control of the hand associated with weak forces, other pathways begin to contribute at higher force levels. One example of such an alternative pathway might be the reticulospinal tract (see [@B4]), which is known to provide input to motoneurons involved in controlling the hand ([@B49]) and for which outputs may be easier to detect at high force levels in humans ([@B63]). An alternative explanation for the decrease in 15- to 30-Hz corticomuscular coherence is that during strong voluntary contractions, the cortical motor network becomes less synchronized as reflected by the decreased EEG spectral power ([@B31]; [@B35]).

### Effects of changing contraction strength on corticomuscular coherence measured from a contralateral muscle.

In addition to changes in corticomuscular coherence in the dominant hand seen when that hand changed its activation strength, we also saw changes in corticomuscular coherence with the nondominant hand, even though it maintained a constant contraction. This is in agreement with previous studies demonstrating that aspects of a voluntary contraction with one hand can modulate coherence in the other ([@B24]; [@B30]). In contrast to the changes in the dominant hand, coherence in the nondominant hand was increased with higher levels of contralateral effort. This is unlikely to reflect simply an increase in oscillatory control, since paradoxically there was a tendency for β-band power in the EEG to reduce and in the EMG to increase with increasing force. It has been previously demonstrated that modulations in coherence and EEG or EMG power can be dissociated in some circumstances ([@B2]; [@B48]; [@B31]; [@B41]).

Previous studies have shown that there is an increased tendency to generate unwanted contralateral activity in the supposedly inactive limb during increasing levels of unilateral voluntary contraction ("mirroring"; [@B23]; [@B53]; [@B64]). Some mirroring may result from recruitment of brain stem output pathways, such as the reticulospinal tract, for which axons have diffuse patterns of termination across multiple segmental levels, and bilaterally ([@B4]; [@B15]; [@B45]). Additionally, changes in corticospinal output from M1 ipsilateral to the contracting hand are produced by strong, not weak, levels of force ([@B25]; [@B38]; [@B43]).

Performing a fine, low-force task (such as a precision grip) requires careful control of small groups of muscles to achieve the required patterns of digit fractionation ([@B52]). This is achieved not only by facilitation of some motoneuron pools, but also inhibition of others ([@B26]; [@B27]). Inhibition prevents inappropriate activation of muscles, which could be generated given the divergent patterns of excitatory connections made by corticomotoneuronal cells ([@B10]). Generating the correct pattern of activity across motoneuron pools that are initially at rest may be relatively straightforward: inappropriate activation of a given muscle will not occur so long as any facilitation of motoneurons remains below threshold. By contrast, if a strong contralateral contraction induces diffuse mirrored activation of many motoneuron pools, a far better focused motor command will be required, with stronger inhibition of muscles for which contraction must be prevented. Previous evidence has associated an increase in corticomuscular coherence with good motor performance ([@B31]; [@B44]; [@B61]) and speculated that oscillatory reafference may be important in interpretation of sensory feedback from the periphery ([@B3]; [@B46]; [@B60], [@B59]). The increased coherence seen with strong contralateral activation may thus reflect the increased difficulty in generating a fine fractionated finger movement in this situation and also possibly in monitoring feedback relating to successful performance.

Increased coherence with the 1DI muscle occurred to a similar extent during increasing contralateral activation strengths of both the 1DI and biceps muscles. This finding may support the above interpretation. Corticospinal drive in a finger muscle can be modulated by contralateral activation of either a distal or a proximal arm muscle ([@B54]; [@B56]). The level of mirrored muscle activation generated via less selective, noncorticospinal output pathways would also be unlikely to vary greatly with the identity of the prime muscle activated. In each case, we speculate that the increased potential for mirror activity in the hand that needs to perform a fine precision grip results in a more demanding motor task.
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